Given that many of the predicted effects of climate change are considered imminent and unavoidable, the need to mainstream adaptation as a viable coping measure among private households is becoming a topic of increasing importance. However, little research to date has assessed the factors influencing the motivation to autonomously adapt, nor any successful measures for instigating this behavioural change. This study investigates whether providing locally-focused vs. globally-focused information about the effects of climate change influences the personal perceived risk (PPR) of individual people. Based on a socio-psychological model, Protection Motivation Theory (PMT), it is hypothesized that a higher PPR will lead to a higher motivation to adapt. While this hypothesis has been empirically confirmed by the study, it has been found that providing information on climate change effects that is more personally relevant to the individual and is concerned with his local surroundings does not significantly increase PPR. This may be due to a trade-off between spatial-temporal distance and the comparably low severity of predicted effects in the study region. Interestingly, providing any kind of information, irrespective of having a global or local focus, also did not increase PPR as compared to receiving no information. These results suggest that the sole provision of information about expected climate change impacts, even if tailored to one"s individual context, does not significantly increase PPR and consequently the motivation to adapt. Another necessary factor might be increasing the knowledge about concrete coping options to allow people to weigh up their personal options.
Climate change is seen as a problem facing current and future generations. Two measures exist in order to cope with its potential effects: mitigation and adaptation. Mitigation describes all measures which aim to reduce human based influences on the climate, namely CO 2 and other greenhouse gas emissions. On the contrary, adaptation entails all adjustments in response to actual or expected effects of climate change which serve to reduce harm or exploit potential benefits. While mitigation has been the focus of scientific and political discussions in the past decades, adaptation may become increasingly important as some of the effects of climate change are impending and already irreversible. From an economic point of view, adaptation, contrary to most mitigation options, can also be rational for individuals as they may come to the conclusion that is in their own interest to adapt to new environmental conditions.
This study aims to shed light onto some of the factors supporting or hindering individual engagement in adaptation behavior, which little research has empirically investigated to date. In order to analyze behavioral change with regard to climate change, this paper takes on a broader perspective of adaptation, which can be defined as all changes an individual makes in order to adjust to a changing environment. In particular, the effect of information on the perceived risk of individuals was investigated, drawing on a psychological framework called Protection Motivation Theory. Three hypotheses were constructed which were empirically tested in the study: (i) higher levels of perceived risk lead to higher levels of motivation to adapt; (ii) providing information as opposed to not providing information increases perceived risk; (iii) providing locally-focused information as opposed to globally-focused information leads to higher levels of perceived risk.
It was found that higher perceived risk did lead to significantly higher motivation to adapt, giving support to hypothesis one. However, hypothesis two and three could not be supported, as the effects of information (compared to no information), and locally-focused information (compared to globally-focused information) on perceived risk were not significant. These results suggest that, contrary to the assumptions in economic theory, the sole provision of information is not sufficient to spur motivation to adapt. A range of potential variables which may have an influence on these effects are discussed, including the comparably mild climate change effects in the study region and the lack of concrete behavioral advice.
Das Wichtigste in Kürze
In der Klimapolitik gibt es zwei grundlegende Handlungsstränge -Vermeidung und Anpas- 
Introduction
Climate change is widely recognized as a major challenge facing the world today and increasingly in the coming decades. Two chief coping strategies can be identified: societies can either try to decelerate or stop climate change by reducing emissions (mitigation), or they can attempt to adapt to the new conditions (adaptation). Mitigation has generally been the focus of scientific and political discussions in the past years, while adaptation has only recently gained increased attention. As shown by the outcomes of the recent international climate summit in Copenhagen in 2009, the potential for free riding effects among countries still causes doubt whether an international agreement on binding emission reduction targets can indeed be achieved. Consequently, adaptation may become increasingly important in the near future.
The Intergovernmental Panel on Climate Change (IPCC) defines adaptation as the "adjustment in natural or human systems in response to actual or expected climatic stimuli or their effects which moderates harm or exploits beneficial opportunities" (IPCC, 2007b, p. 869) .
Importantly, adaptation differs from mitigation in the following: (i) it will in most cases provide local benefits, and (ii) these benefits will be typically realized with shorter time lags (Stern 2007) . Adger (2001) supports the first point in suggesting that mitigation is a measure that takes place at the global scale, whereas adaptation can occur at various levels, from local to global. While global adaptation mainly refers to the enhancement of adaptive capacity (e.g.
financing of global adaptation funds, education in developing countries), most if not all direct adaptation measures can be found at the local level (Tol, 2005) . Consequently and in contrary to mitigation, there is the possibility of private provision of adaptationto the extent that adaptation constitutes a private good.
While the definition of adaptation in an economic context refers to an adjustment in response to climate change effects that is deliberately supposed to moderate harm and exploit benefits, the term arises in a variety of fields from evolutionary biology to political ecology (e.g. Smit and Wandel, 2006) and can also be understood in a broader sense, referring to all measures that are taken in order to adjust to new environmental conditions. This broader definition disregards the specific intention to ameliorate climate damages and capitalize on benefits. If this broader definition of adaptation is applied, many coping measures may be included which are otherwise considered as mitigation measures. In order to illustrate this distinction, think about an individual living next to a river and expecting an increasing risk of flooding in the near future. The individually motivated decision to take an insurance against flood damages for his property can be clearly considered as an adaptation measure. On the contrary, an individual deciding to travel by train rather than flying in order to reduce his personal emissions is considered a mitigation measure in the light of the current definition of the IPCC. However, when a broader definition is applied, as in the current study, both behaviors can be regarded as a behavioral adaptation to a changed environment.
In the economic literature, two types of adaptation with regard to the relevant actors are distinguished: (i) autonomous adaptation, motivated by the private, utility-maximizing paradigm of firms and individuals, and (ii) planned adaptation, based on collective action and mostly initiated by governmental entities. Autonomous adaptation occurs as individuals naturally respond to the market and physical environment or other circumstances they face. It can also be described as a behavioral response to an environmental change that is mainly for one"s own benefit (Mendelsohn, 2000) . Planned adaptation on the other hand is the result of a strategic policy decision for the sustainable benefit of a society. 1 However, in this paper we focus on autonomous adaptation of private households and how to enhance autonomous adaptation by supplying information.
Familiarity with adaptation as a coping strategy has yet to be more assimilated into the public"s current understanding and knowledge about climate change issues. Although visible changes in climate, including severe storms and floods, appear to be occurring at an increasing rate, concern about climate change does not seem to be translating into a considerable amount of adaptive responses (e.g. Leiserowitz, 2007) . One of the reasons might be that most adaptation measures have a precautionary or proactive character, i.e. they will be taken prior to an event, such as investing in infrastructure to protect against floods, and thus require foresight and careful consideration of risks, benefits and costs. This is where information takes on a crucial role. One important goal of planned adaptation is the dissemination of information about regional climate change impacts (Dannenberg et al., in press) . Adaptation policy by the way of information dissemination would naturally aim to enhance precautionary adaptation of private actors. Accordingly, insufficient information may lead to a lack of adaptive responses.
The importance of information also becomes clear in Stern (2007) , where adaptation policy is divided in two main strands: (i) building adaptive capacity through the dissemination of information and the creation of conditions needed to support adaptation and (ii) delivering adaptation in cases where autonomous adaptation fails to take place.
However, the high level of uncertainty about the nature and timing of climate change impacts certainly acts as a hindrance to the goal of enhancing autonomous adaptation. It is a widely observed, global phenomenon that people living in natural disaster prone areas do not take sufficient precautionary measures to ameliorate the possible effects of such an event on their daily lives (Kunreuther, 1996) . So, the question arises what are the factors and barriers that influence people"s decision to adapt to climate change and hence to change their behavior?
What possible strategies can be adopted to prompt people to overcome these barriers and to increase motivation for action? These questions broadly define the motivation behind the present study.
Accordingly, the broader definition of adaptation introduced earlier becomes important in the context of this study, since this research analyzes the process by which an individual changes his or her behavior in adapting to a new environment, irrespective of the specific adaptive intention. Understanding the motives and methods by which this behavioral change occurs is nevertheless important for implementing future adaptation measures in an economic sense. In particular, this study examines the effect of providing information about climate change effects tailored to the local environment of survey participants versus providing them only with more general, globally relevant facts and predictions. This distinction is a recurrent theme in the literature about the design of information campaigns and future adaptation strategies (World Development Report, 2010; Adger et al., 2009; Moser and Dilling, 2004; Klein et al., 1999; Smit and Pilifosova, 2003; Smit and Wandel, 2006) . Furthermore, this study builds on the psychological theory of "protection motivation" (PMT) (Rogers, 1983; Rogers and Prentice-Dunn, 1997 ) and its recent application to climate change (Grothmann and Reusswig, 2006) . We focus on the context of a developed country, although some of the findings may also be helpful for designing information campaigns in the developing world.
Psychological perspective of adaptation
So far, little attention has been given to the role of psychological barriers in adaptation to climate change. Since a large part of adaptation relies on the actions carried out by individuals in their local environments, it seems important to consider how psychological factors may influence adaptive action. According to the World Development Report (2010), understanding the drivers of human behavior is essential for climate-smart development policy. Further on, adaptation to climate change is an example of human decision-making under uncertainty (Grothmann and Patt, 2005) . Similar situations involving human decision-making have been well-researched in the psychological literature and demonstrate that beside socio-economic determinants psychological factors such as motivation and perceived abilities must be considered in order to accurately predict future action.
Two case studies carried out by Grothmann and Patt (2005) are among the few that look decidedly into cognitive factors affecting adaptive capacity. Both cases look into the use of proactive adaptation measures, one in Germany to the risk of river flooding and the other in Zimbabwe to the risk of drought. They showed that socio-cognitive factors could more effectively explain adaptive behavior than purely socio-economic factors. Kroemker and Mossler (2002) suggest that two factors influence an individual"s protection capacity: motivation and competence. When these two factors are high, only then will a person successfully carry out a "protective" response. Another study by Wolf et al. (2010) examines the role of social capital in the adaptive capacity of elderly people to heat waves and finds that strong bonding and support networks are an important factor in decision making with respect to adaptation. The study found that these bonding networks may actually perpetuate a feeling of low-risk to heat waves among elderly societies and hence may in fact increase vulnerability, demonstrating the highly complex interplay of factors involved in supporting adaptive behavior.
In order to evaluate the validity of the notion that a locally focused information campaign strategy can more effectively motivate behavioral change, we designed a questionnaire aiming to test the effect of providing information focused on local impacts vs. global impacts on the perceived risk and adaptation motivation of private households from the city of Mannheim, Germany. We set up three hypotheses based on the predictions of theoretical considerations in the literature, which are elaborated below.
The link between perceived risk and motivation (Hypothesis 1)
Higher levels of perceived risk will lead to increased adaptive motivation.
This hypothesis is largely based on the predictions made by Protection Motivation Theory (PMT), first presented by Rogers (1975) and later modified in different ways for application to different threat stimuli such as health threats (e.g. Rogers, 1983; Floyd et al., 2000) . Recently, Grothmann and Reusswig (2006) further developed PMT, applying it to the issue of flood risks as well as to a German and European cultural context.
Recalling its definition by the IPCC, adaptation can in part be viewed as self-protective behavior of individuals or groups to reduce potentially harmful impacts of climate change. PMT, one of several psychological theories that have analyzed such kind of behavior and its underlying motivational processes, has generated some important insights with respect to protective, and hence, adaptive behavior. Consequently, we draw on concepts elaborated in the PMT model. However, unlike Grothmann and Reusswig, our study does not use the term protective responses, since it might be misleading in the context of this study. Instead, we aim to include all changes in behavior that allow one to adjust to a changing environment which are not necessarily all protective, and therefore use the terms adaptive responses and adaptation motivation in our analysis.
Going back to the earlier conceptions of PMT, Rogers (1983) proposed two independent appraisal processes that can be initiated by environmental as well as intrapersonal sources of information: threat appraisal and coping appraisal (Norman et al., 2005) . Threat appraisal describes an individual"s assessment of the severity of a potential threat stimulus if affected by it, as well as his or her personal vulnerability to the particular threat, i.e. the expectation of being affected by the threat. This means that if a person finds herself to be vulnerable to a perceived risk and assesses the threat as severe, her level of fear increases, leading to an increase in the motivation to protect herself.
Following the assessment of the threat under concern, a second cognitive process is subsequently initiated that is concerned with the possible reaction to the threat stimulus. This process is labeled coping appraisal and reflects the appraisal of potential coping behaviors in relation to one"s own abilities and beliefs. According to Grothmann & Reusswig (2006; 105) this "(…) is what primarily differentiates PMT from the many studies of hazard perceptions and behavior in psychology (…)".Coping appraisal is also divided into different subcomponents. The appraisal, whether the behavior under concern can in fact serve as a protective measure against the anticipated threat, is called response efficacy and acts as the first component of coping appraisal within PMT (Norman et al., 2005) . It is complemented by an assessment of one"s own abilities to effectively carry out the adaptation behavior, which can be described as a person"s perceived self-efficacy. Providing behavioral advice on certain adaptation measures, for example, may increase coping appraisal and therefore perceived adaptive capacity by raising the response efficacy of these measures (Grothmann and Patt, 2005) . While these factors increase a person"s motivation to engage in the protective behavior, the last factor of the coping appraisal can act to reduce the motivation as it is an analysis of the expected response costs that are incurred with the respective behavior.
Thus, if a threat causes a certain minimum level of concern in an individual"s threat appraisal, he will analyze the available coping possibilities (coping appraisal), leading to a certain level of motivation to engage in the coping behavior (i.e. the protective behavior), labeled protection motivation.
According to PMT, protection motivation is increased by the factors severity, vulnerability, response efficacy and self efficacy, while the expected costs of protection will in turn reduce protection motivation. Therefore, in order to reach a sufficient level of protection motivation to elicit actual protection behavior, both threat and coping appraisal need to be sufficiently high. If threat appraisal is high, but coping appraisal is low, the response will be to engage in certain heuristics or what we call non-adaptive behaviors such as denial of the threat, wishful thinking (i.e. irrational belief that nothing will happen to oneself) or avoidance (i.e. not thinking about potential negative effects). Displacement of the responsibility of solving a problem is another example of a psychological barrier which might hinder autonomous adaptive action even in the case that a threat is recognized (World Development Report, 2010; Stoll-Kleemann et al., 2001; Whitmarsh, 2008) . These responses result from psychological processes which act as barriers to actual behavioral change.
From the assumptions of PMT, we predict that there will be a positive impact of personal perceived risk (PPR), a term we use to label the outcome of the threat appraisal process, on the adaptation motivation.
Role of information on perceived risk (Hypothesis 2)
Provision of information will increase the perceived severity and vulnerability of climate change threats, leading to higher levels of personal perceived risk compared to individuals receiving no information.
Several social and psychological barriers continue to act as obstacles to behavioral change with respect to adaptation. Studies have shown that one of these barriers is the large gap between the scientific community and general public in terms of understanding, awareness and perceptions of risk about climate change (Etkin and Ho, 2007; Kellstedt et al. 2008) . A review of a compilation of 20 years of public opinion polls in the United States show that "few Americans are confident that they fully grasp the complexities of the issue, and on questions measuring actual knowledge about either the science or policy involved, the public scores are very low" (Nisbet and Myers, 2007, p. 447) . This implies that although societies are aware and uneasy about climate change, they may not fully understand the fundamental science, possible effects, or the responses needed in order to ameliorate its impacts. According to Kroemker and Mossler (2002) , knowledge about the specific causes and effects is vital for generating the motivation to engage in protective strategies, as well as increasing the range of adaptive strategies an individual is likely to choose from. Furthermore, psychological research shows that individuals are ill-equipped to deal with multiple-cause problems because they can generally not be solved with one clear approach, often resulting in a sense of helplessness (Norgaard, 2006; World Development Report, 2010) . The uncertain nature and onset of possible climate change effects, as well as constant media debates between skeptics and supporters, may lead to confusion and naturally deter any decisive, rational action. As a result, individuals tend to deny the threat or use heuristics such as unrealistic optimism which are likely to lead to under-or mis-estimations of threats in situations where uncertainty is high (Grothmann and Patt, 2005) . Thus, the lack of understanding about the true causes and mechanisms of climate change may distort perceptions of risk among the public and hinder the implementation of any adaptive measures.
From an economic perspective, the uncertainty related to climate change and the imperfect information available to the public are evidently limiting factors when it comes to engaging in efficient adaptive actions. Information is required for private households and firms to make rational decisions and hence markets to operate in support of adaptation. It is widely stated throughout the literature that information is vital to ensure that adaptation is carried out in an adequate and timely manner (Stern, 2007; Dannenberg et al., in press; Mendelsohn, 2000; OECD, 2008) . Thus, dissemination of research findings and predictions about future climate change impacts through information campaigns, including their temporal and spatial onset, is a key tool for increasing awareness of the general public.
As a result of these research findings, we predict that providing survey participants with information about climate change, irrespective of the focus of the information (local vs. global), will have a positive influence on personal perceived risk (PPR) compared to not supplying any information.
The role of global vs. local information (Hypothesis 3)
Locally focused information will increase personal perceived risk of individuals, compared to individuals receiving globally focused information.
Many current information campaigns focus on the unprecedented nature and scales of the problems related to climate change (World Development Report 2010). A study by Leiserowitz (2006) demonstrated that the majority of Americans perceived climate change as a moderate risk, and a danger to geographically and temporally distant people, places and nonhuman nature. The study found that most Americans lacked vivid, concrete, and personallyrelevant affective images of climate change, and consequently rated local impacts as somewhat unlikely. Moser and Dilling (2004) have also shown that Americans tend to discount the effects of climate change, perceiving the threats as occurring in the far future. This tends to be the case especially in developed countries. As a result, it has been a persistent challenge for scientists to stress the urgency for action against climate change to the general public (Nisbet and Myers, 2007) .
This concurs with the criticisms of the well-known knowledge-deficit model, which was coined by social scientists in the 1980s and suggests that providing individuals with scientifically sound information will result in information assimilation, increased knowledge, action and support for policies based on this information (Adger, W.N. et al. 2007; Miller, 2001; Sturgis and Allum, 2004; Wright and Nerlich, 2006) . However, surveys conducted in the UK and China examining the effects of information about long-term health conditions on behavior show that knowledge alone does not necessarily influence behavior. The research showed that understanding the context in which knowledge is used is vital to understanding its impacts on people"s lives (Lorenzoni and Hulme, 2009) . As has been shown, knowledge interacts with various psychological, cultural and economic factors at the community level that shape individuals" societal norms and personal value systems. As a result, not only an improvement in the awareness and understanding of climate change as a whole, but also of what will occur in a community"s local surroundings and personal lives, will be necessary for prompting adequate adaptive responses.
Because vulnerability, coping ability, as well as the physical climate change impacts will vary greatly among different regions and communities, it is likely that using a more localized focus will be successful in increasing long-run resilience to climate change (Smit and Pilifosova, 2003) . Wilbanks (2003) argues that in the context of sustainable development, stresses related to climate change are most usefully considered in a place-based perspective. In this manner, the scope of complex interrelationships involved in fostering social change can be examined more clearly and strategies for action, which may also offer co-benefits for sustainable development, can be more tangible and effective. Klein et al. (1999) emphasize that the more detailed, accurate and relevant to the individual the climate change information is, the more effective the adaptation strategies undertaken will be. Moser and Dilling (2004) further state that in order to make global climate change relevant to the public, "global warming has to be made "local" whether by directly focusing on impacts that matter to them, or indirectly by focusing on the co-benefits of climate friendly action" (Moser and Dilling, 2004, p. 500) . Well-designed communication campaigns that address individuals as empowered members of a local community and not as helpless constituents of the global population as a whole can effectively promote action. In this manner, the problem becomes immediate and personally relevant and can stimulate local and individual responsibility for bringing about the solutions (World Development Report, 2010).
Evidence from community-based initiatives and activities indicates that individuals can feel enabled to responsibly modify their behavior through programs that (a) encourage individuals to take into account the impacts of their behavior on the environment and society; and (b) provide a supportive environment for individual and community decision-making (Adger et al., 2009 ). Thus, the design of effective adaptation interventions should reduce the transaction costs for individual decision making as well as enhance understanding about local risks, while taking into account community norms, values and beliefs.
In this study, PMT is used as a framework to test our hypotheses. By providing information with different spatial foci to our participants, we attempt to determine a potential effect on adaptation motivation. We postulate that providing locally focused information with respect to climate change will increase the personal perceived risk of individuals compared to individuals receiving globally focused information. During the session, participants were asked to fill out Part 1 of the questionnaire and wait for the document to be collected. In this part of the questionnaire, respondents were asked to report several socio-demographic variables, including standard measures such as age, gender or education, as well as income levels, ownership of property, number of children, political preferences or their preferred mode of seeking or receiving information about climate change.
Method
Further, participants were asked about several objective measures of their level of knowledge about the predicted effects of climate change, their general interest and their overall attitudes with regard to the topic.
After collection of Part 1 of the questionnaire, participants were handed out Part 2. Here, the information stimulus (where applicable) was presented followed by a series of items to create a risk perception index score for each participant. Finally, the adaptation motivation was measured by testing the responses to four actual adaptation behaviors, namely (1) the understanding of the necessity to insure buildings against future climate change related damages,
(2) the willingness to pay for higher energy standards in one"s residence, (3) the understanding of the need to change one"s personal lifestyle and habits due to an increasing climate change and (4) the acknowledgement that besides price, quality and brand the climatefriendliness of a product is an important factor for any purchasing decision.
Recalling the issue of the different definitions of adaptation, the current study draws on a broader conceptualization as its main concern is to shed light on the cognitive processes involved in behavioral change and their role in adjusting to changed climatic conditions. Defining adaptation as the protection against adverse climate damages or as taking advantage of the benefits of positive impacts, only measure (1) can be clearly defined as adaptation. Measures The specific items were constructed following a focus group discussion, and the questionnaire was pre-tested by around 30 people with academic and non-academic backgrounds and various ages. Most items were presented as statements and participants indicated their level of 2 The need for a broad definition of adaptation for this survey is underlined by the answers to the open-end question "What do you think when you hear the term "adaptation to climate change impacts"?". The results show that only 17.2% of the respondents name issues which are unambiguously adaptation measures in the sense of the IPCC definition. Half of the respondents (48.4%) think at least partly of measures or issues clearly related to mitigation. The remaining participants responded mainly by naming some specific impact or did not respond at all. agreement using a uni-polar five-point Likert-Scale with a neutral mid-point. 3 The personal perceived risk (PPR) was measured by an index constructed from a number of single items referring to the individual risk perception. In total, 17 items were aggregated by summing up their values. The assumptions behind this procedure are: a) each item is weighted equally, and b) equidistance of the Likert-scale-values. 4 A sensitivity analysis with regard to the second assumption, i.e. the use of a dummy-based index 5 , shows no differing results. Descriptive statistics for all variables used in the analysis are presented in Table 1. 3 A uni-polar Likert-scale describes a scale with numerical values extending in one direction, in the case of a five-point scale from one to five. The values are given verbal labels ("strongly do not agree", "rather do not agree", "neutral", "rather agree", "strongly agree"). 4 The validity of interval-based procedures in connection with Likert-scale data is raised by Jaccard and Wan (1996) . The authors review several contributions to this topic, summarizing that for many statistical tests the errors caused by non-ordinal procedures are not dramatic. Also Chan (1996) found that the strong assumption of equidistance is "not very harmful". However, all cited sources stress the necessity of at least 5 points on the Likert-scale. This precondition is fulfilled in our study. 5 The dummy-based PPR index is constructed as follows: Each answer of an individual to a PPR item is counted as 1, if the individual shows a high or very high PPR ("rather agree" or "strongly agree"). As there are 17 PPRitems, the theoretical range of the dummy-based index is 0 to 17, with larger values indicating a higher PPR. 
Results and Discussion
As the adaptation motivation was measured by a 5-point Likert-scale, the dependent variable is ordered and categorical. We therefore estimate the influence of the determining factors on of the econometric analysis are presented in Table 2 . (1): "Higher levels of perceived risk will lead to increased protective motivation". We want to highlight the expected positive influence of PPR on adaptation motivation which is significant at the 1 %-level over three of four analyzed measuresfor measure (2) it is significant at the 5 %-level. These results support hypothesis (1) that higher PPR leads to a high-er motivation to adapt. 6 Besides the reported coefficients, Figure 1 illustrates the positive influence of PPR on the motivation to adapt. The graphs show the predicted probabilities of answering in the respective category for each level of PPR, based upon the fitted orderedlogit model. Note that by tendency the probabilities of "high motivation" answers are increasing with rising PPR levels and vice versa. (1) the understanding of the necessity to insure buildings against future climate change related damages, (2) the willingness to pay for higher energy standards in one"s residence, (3) the understanding of the need to change one"s personal lifestyle and habits due to an increasing climate change and (4) the acknowledgement that besides price, quality and brand the climate-friendliness of a product is an important factor for any purchasing decision.
Ordered Logit
However, we also acknowledge the relatively low share of explained variance in our regressions. One important reason may be that coping appraisal, which apart from threat appraisal is also a main determinant of motivation to adapt according to PMT, was unobserved in the current study. Due to the presented findings and the relative importance of coping appraisal with-in the theoretical framework of PMT, further research may be focused more upon the role of increasing specific knowledge about coping options. In particular, as the respondents were not given concrete behavioral advice on specific adaptation measures that they could potentially undertake, a separate look into the effects of providing such kind of behavioral advice might be worthwhile in the light of the current results. This specific knowledge is likely to be a determinant in successfully motivating individuals to adapt (e.g. Fankhauser and Tol, 1997) , but was not included in this analysis due to its focus on the effect of providing different types of information on people"s perceived risk.
Other important variables may be social norms which act as a barrier to behavioral change.
Social norms may influence the motivation to adapt, as they produce and guide action in direct and meaningful ways, especially under conditions of uncertainty (Norgaard, 2006; Schultz et al., 2007; World Development Report, 2010) . Hence, social capital, or the sets of norms and networks that an individual uses to mediate the flow of information with other individuals, is a vital element in the management of adaptation to environmental change (Adger, 2003) .
The results show that PPR indeed has an influence on the motivation to adapt, but explains only a small share of observed variance, suggesting that a high threat appraisal is a necessary but not sufficient precondition to increase motivation to adapt.
In order to analyze hypothesis (2) (the influence of information on PPR), first a Wilcoxon rank sum test was applied to test for a significant difference in PPR by different treatment groups. Although the PPR is higher for informed individuals than for others, the difference is not significant at the 10 % level. Thus, the test does not suggest a difference in the distribution of PPR regarding the information treatment (see Table 3 ).
increase when PPR increases. Second, the PPR index is taken as the dependent variable in a socio-psychological model to find the marginal influence of information, controlling for socio-economic and psychological variables and for general attitudes towards climate change. To take account of the limited range of the dependent variable, we transform the sum of PPR-items to a variable which takes values between 0 and 1 and use a fractional logit model (Papke and Wooldridge 1996) . The common OLS model is used as a reference. Furthermore, the mentioned OLS estimation of the dummy-based PPR-index as a sensitivity analysis with regard to the equidistanceassumption of the Likert-scale is presented. Contrary to the expectation and consistent with the results of the Wilcoxon rank sum test, the results in Table 4 show no significant influence of information on the PPR index compared to no information, regardless of which aggregation method for the PPR index or econometric method is used. Thus, the alternative hypothesis that the provision of information on climate change impacts has no effect on the PPR cannot be rejected at the 10 % level; this means hypothesis (2) is not supported by the data. However, we find significant positive effects of the variables Gender, Experience of climate impacts, perceived influence of mass media, along with significant negative effects of Revealed Knowledge on climate change. (2): "Provision of information will increase the perceived severity and vulnerability of climate change threats, leading to higher levels of personal perceived risk compared to individuals receiving no information".
N = 142
(standard deviations in parenthesis)
Double-sided test: *** = significant at the 1%-level ** = significant at the 5%-level * = significant at the 10%-level
Fractional Logit
Dependent variable:
Summated score of PPR items, standardized to a value between 0 and 1 current sea level and temperature increase estimates for a decade. This may in part be influenced by the frequent exposure to dramatic images and extensive coverage of devastating events in the media, as reflected by the highly significant, positive impact of the variable "Feeling influenced by mass media". Since the information on the impacts of climate change did not surpass their expectations, as illustrated by the data in Table 5 , their PPR may not have increased. 7 Moreover, psychological barriers such as denial and other heuristics discussed earlier in this paper, may have led to a negation of the risks and thus a PPR not changed by information on these risks. For comparing the effect of locally versus globally focused information, the same procedures (Wilcoxon rank sum test for comparing means and multivariate econometric estimation with a dummy for local information as an independent variable) are used. Again, the data does not suggest a significant difference in the impact of information depending on its focus, although PPR is slightly higher for locally-informed individuals (see Table 6 and Table 7) . Consequently, the alternative hypothesis to hypothesis (3) cannot be rejected, either. Here we see a potential tradeoff between spatial-temporal distance and the severity of the information presented. Although the literature suggests that focusing on more personally relevant effects which may occur in one"s surroundings is more likely to increase threat appraisal and ultimately to inspire adaptive behavior, the severity of the information is also crucial.
OLS
Since the predicted climate effects in Germany are relatively mild, and even beneficial in some cases, participants may not have experienced an increase in perceived risk. A further factor that might explain the finding of non-significant effects for hypothesis 2 and 3 might be the relatively small sample size. As most effects can be observed in the predicted direction, however not at a significance level of 10 %, the use of a larger sample might allow for a better identification of the investigated effects and should be applied in future studies.
Economic classification of the results
In the preceding sections we analyzed changes in behavior in response to climate change, regardless of their classification according to the IPCC as adaptation or mitigation. In contrast to the rest of this paper, in this paragraph adaptation as distinct from mitigation is defined as in IPCC (2007b), as the reduction of climate damages and the exploitation of potential benefits from climate change. This distinction is important since from an economic viewpoint mitigation of climate change is substantially different from adaptation (Dannenberg et al. in press; Tol, 2005) . The most important difference with severe consequences is the incentive structure for private agents. ity is admitted (due to myopic behavior and other non-economic barriers as presented earlier in this paper), but the economic analysis is mostly based on the assumption of rational behavior in order to base on a clear and consistent theoretical ground.
Regarding mitigation, private voluntary activities like the analyzed adaptation measure (4) cannot be explained in a purely economic framework based on the paradigm of the homo oeconomicus. For any individual, the incentives of no contribution exceed the individual"s benefits of contributing to the public good of climate protection (as explained in another context by Hardin, 1968 : "The tragedy of the commons"). However, there have been various attempts to explain voluntary contributions to public goods. The most important are the introduction of (impure) altruism (Andreoni, 1988 and , inequity aversion (Fehr and Schmidt, 1999) , and reciprocity (Sugden, 1984) . Particularly important for individual mitigation in a devel-oped country like Germany might be another stream of literature including Elster (1989) , Holländer (1990) , Ostrom (2000) and Levin (2009) . These scholars raise the relevance of social norms and social approval in individual action. Ostrom (2009) is another contribution to the discussion of individual mitigation. The Nobel laureate has presented a polycentric approach which raises the weaknesses of a single global mitigation policy and speaks in favor of policies at multiple levels, from global down to the individual. However, well-known problems of non-global solutions such as carbon leakage and free-riding are highlightedbut sustainable, feasible solutions are not in sight.
The main point here is that economists see very different motivation processes in both strands of behavioral change, leading to the expectation of different determining factors for adaptation and mitigation. In the light of these thoughts, the results presented in (3) and (4) can obviously be interpreted as mitigation without any direct benefit for the individual, and measure (2) may at least partly be understood as costly mitigation, there is a significant positive influence of risk perception on the willingness to engage in these altruistic behaviors. Following the pure economic theory, this would not be expected since the economic incentives for mitigation do not change with a higher perceived risk, given the negligible influence of a single individual on the global climate. This aspect may become relevant in the context of promotion for climate-friendly behavior. Promoting private mitigation may include a component targeting on the personal perceived risk of people.
Another aspect within the results in Table 2 is the influence of the variable "Interest for climate change". It is positive and significant for measures (3) and (4), which can be interpreted as more altruistic than measure (1) and (2). This means, people who see climate change as a topic worthy of their interest, rather invest in climate protection more than others. This is in line with economic theory, which would suggest looking for reasons other economic motivation for the engagement in private mitigation.
In an economic framework, one important role of the state is to ensure that information about climate change effects is distributed effectively among the exposed population (Dannenberg et al., in press ). The assumption is that if private decision makers know about the threat the demand for appropriate adaptation goods will increase up to the point where the marginal costs equal the marginal benefits. In this case the state does not have to intervene unless there are no external effects or other well-defined rationales for an intervention. In particular, it would not be necessary and can even be harmful to give very concrete information on specific adaptation techniques. The state should rather stick to more general information on climate change and its effects. In contrast to this theoretical consideration, this survey cannot confirm that pure information about climate impacts is sufficient to increase personal perceived risk and thereby motivation to adapt to new climatic conditions. In particular, hypothesis 2 -stating that the provision of information about expected climate impacts increases the personal perceived riskcould not be supported by the data. Consequently, additional policy options beyond the pure dissemination of information are proposed in the preceding section, such as giving concrete advices on coping measures.
Conclusion
In light of the expected climatic changes that individuals, communities and organizations will be confronted with in the coming decades, a sound knowledge of these expected impacts and the necessary adaptive responses can be important for their current and future wellbeing.
While adaptation is becoming a topic of increasing importance, there has been limited research examining the factors that bolster or hinder motivation to adapt, an important precondition of actually undertaking adaptive measures. Psychological models looking into the processes that occur in decision making under uncertainty could provide insights into this issue. One of these models, Protection Motivation Theory (PMT), is analyzed in more detail in the current research.
Essentially, the findings of this study are first, that personal perceived risk (PPR) has a positive influence on motivation to adapt, though this influence explains only a small share of observed variance. This could be due to other important variables such as the lack of behavioral advice, which may affect coping appraisal, or barriers to behavioral change such as social norms. Hence, the PPR is an important determinant of motivation to adapt but not the only one. Second, we find that the provision of information on possible climate impacts, irrespective of its global or local focus does not show a significant influence on PPR. Nevertheless, other effects (e.g. of gender, revealed knowledge and previous experience) were found to have an influence on PPR. Finally, the provision of local information also did not have a significant effect on PPR compared to the provision of globally focused information, which may be explained by a trade-off between the spatial-temporal distance and the severity of the similar incentive problems as mitigation (see Dannenberg et al., in press ). communicated effects: while the local information was more personally relevant for the survey participants, its relatively low severity did not cause a significant increase in perceived risk.
From an economic viewpoint it is noteworthy that although some of the examined adaptation measures were not in the economic self-interest of the individuals the influence of PPR persists even for those measures. This shows that -contrary to standard economic theoryindividual mitigation activities are partly determined by PPR. Furthermore, the missing impact of general information on PPR casts doubt about the sufficiency of informing private agents about climate effects and highlights the need to investigate other determinants not considered in the standard economic approach. These are mainly psychological factors influencing the risk perception and ultimately adaptation behavior, such as a low coping appraisal, denial of the threat, or other heuristics discussed in section 2.
These findings address the challenges faced in the design and implementation of information campaigns about climate change adaptation. Though information may be an essential starting point for increasing awareness, many other influencing factors such as socio-cognitive barriers must be considered in increasing perceived risk and ultimately instigating adaptive behavior (Moser and Dilling, 2004) . Changing well-established behaviors is likely to require institutional and community mediation in order to provide social contexts and support for behavioral change to take place (Henry and Gordon, 2003) .
Further research may look into coping appraisal as another determinant of motivation to adapt, especially into the role of providing concrete explanations of adaptation measures.
Moreover, as the low severity of effects in the city of Mannheim and Germany appeared to be an important issue in our study, it may be interesting to replicate this study in a context where effects are likely to be more severe and individuals expect to be more vulnerable.
